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PART FOUR 

ESTIMATES OF MINER LOCATION ACCURACY: 

WESTINGHOUSE LOCATION PROGRAM t t ~ ~ ~ ~ ~ w  

Arthur  D. L i t t l e ,  Inc .  

I. INTRODUCTION 

Crosson and P e t e r s  t r e a t  t h e  e r r o r s  t h a t  r e s u l t  i n  miner l o c a t i o n  due t o  

e r r o r s  i n  t h e  overburden e a r t h  model used f o r  computing l o c a t i o n .  A p a r a l l e l  

e f f o r t  by J .  Powell  of PMSRC i s  d i scussed  h e r e ,  where t he  l o c a t i o n  method 

used i s  t h a t  of t h e  Westinghouse l o c a t i o n  program - "Miner". This  l o c a t i o n  

program w a s  t e s t e d  by Powell by u s ing  a r r i v a l  t imes genera ted  from t h e  over- 

burden e a r t h  model of Table l* rounded t o  t h e  n e a r e s t  m i l l i s econd .  Locat ion 

computations were t hen  made u s ing  3  geophones a t  a time. The average loca- 

t i o n  is  t a b u l a t e d  f o r  a l l  geophone t r i p l e t s  excep t  when 3  geophones a r e  i n  

l i n e .  Geophone a r r a y s  were as shown i n  Tables  2 and 3.  The manner i n  which 

t h e  t e s t  w a s  done i s  i l l u s t r a t e d  i n  F igure  1. 

I .  SUMMARY OF RESULTS 

The a r r i v a l  t ime d i f f e r e n c e s ,  based on t h e  Table 1 e a r t h  model, t o g e t h e r  

wi th  geophone l o c a t i o n s  based on t h e  a r r a y  geometr ies  of Tables  2 and 3 ,  were 

en t e r ed  i n t o  t h e  computer, t o g e t h e r  wi th  a s t a t e d  depth of  700 f e e t  and an  

e s t ima ted  overburden s e i smic  v e l o c i t y  of 10,000 f e e t  p e r  second. These para-  

meter  v a l u e s  were processed by t h e  l o c a t i o n  program - "Miner". F igure  2 

i l l u s t r a t e s  t h e  i n t e r p r e t a t i o n  of t h e  p l o t s  and d a t a .  The t a b u l a r  d a t a  and 

p l o t s  of  Table 4  and F igures  3 ,  4, and 5 i l l u s t r a t e  t h e  l o c a t i o n  e r r o r  r e s u l t s  

ob t a ined .  

These p l o t s  i n d i c a t e  t h a t  f o r  sources  w i t h i n  t h e  a r r a y ,  t h e  e r r o r s  are 

cons iderab ly  less than  t h e  measured e r r o r s  ob ta ined  dur ing  f i e l d  t e s t s  of  

t h e  p r e sen t  l o c a t i o n  system. The p o s s i b l e  reasons  f o r  t h i s  d i sc repancy  a r e  

no ted  i n  P a r t  Eight  (Ear th  Models). 

*References t o  F igu re s ,  Tables ,  and Equat ions  apply t o  t hose  i n  t h i s  P a r t  
un l e s s  o therwise  noted.  
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The work summarized h e r e  i s  based on a r r i v a l  time d i f f e r e n c e s  r e s u l t -  

i n g  from one p a r t i c u l a r  r e p r e s e n t a t i o n  of t h e  e a r t h .  Other  r e p r e s e n t a -  

t i o n s  of t h e  e a r t h  w i l l  y i e l d  o t h e r  r e s u l t s .  When hard  d a t a  has  been 

developed on t h e  r e a l  s e i s m i c  p r o p e r t i e s  of c o a l  mine overburdens ,  much 

more d e f i n i t i v e  r e s u l t s  concerning t h e  l o c a t i o n  accuracy of program 

" ~ i n e r "  can be developed. 

It i s  f u r t h e r  no ted  t h a t  t h e  p r e s e n t  t e s t  of "Miner" d i d  no t  make 

any u s e  of t h e  o v e r s p e c i f i c a t i o n  of l o c a t i o n  t h a t  r e s u l t s  from t h e  u s e  of 

seven a r r i v a l  t imes  t o  v a r y  t h e  model v e l o c i t y  used i n  computation.  

F i g u r e  5 does i l l u s t r a t e  t h e  behav ior  of e r r o r s  f o r  an a r r a y  judged t o  

be too s m a l l  f o r  t h e  known dep th  of source .  For t h i s  example t h e  depen- 

dence of l o c a t i o n  e r r o r  on i n p u t  v e l o c i t y  i s  shown. 
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Layer 
Number 

Surf a c e  

Table 1 

E a r t h  Model 

Layer 
Thickness 

( f t  > 
Layer 

Ve loc i t y  
( f t / s e c )  

Source 
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Table 2 

"L-Feet Hexagon" Array 

Geophone No. 

1 

2 

3 

4 

5 

6 

7 
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Table 3 

"L-Fee t Double-Sauare" Arrav 

Geo~hone  No. 
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FIGURE 1 BLOCK DIAGRAM OF COMPARISON TEST 
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Input Source Location 
e.g., 707,707 

Computed Location 
e.g., 550,575 

@ Geophone 

Note that: 

1. The origin of the coordinate system is a t  the center of the array 

2. The origins, I, and C are almost in a straight line 

3. The distance from origin to I exceeds the distance from origin to C, so error is negative. 

FIGURE 2 NOTATION USED IN ERROR GRAPH 
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Table 4 

E r r o r  Data From "Miner" Location Program 

Assumed Veloc i ty  = 10,000 F t /Sec  
True Depth = Assumed Depth = 700 F t  

D Refers  t o  E r r o r  a s  Source Moved Along a Diagonal 
X t c  E r r o r  a s  Source Moved Along X Axis 
Y t o  E r r o r  a s  Source Moved Along Y Axis 

a )  E r r o r s  f o r  300 Fee t  Double Square Array 

Source 
Distance (Fee t )  

From Array E r r o r  (Feet)  i n  Computed Location 
Center  D X Y 

b) E r r o r s  f o r  400 Feet  Hexagon Array 

Source 
Distance (Fee t )  

From Array E r r o r  (Fee t )  i n  Computed Locat ion 
Cente r  D X Y 
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Table 4 (Continued) 

Error  Data From " ~ i n e r "  Location Program 

X Er ro r s  (Feet) f o r  3 Dif fe ren t  Assumed V e l o c i t i e s  
A s  Source Moved Along X-Axis 

True Veloci ty Less than 8000 ~ t / S e c  
True Depth = Assumed Depth = 700 Ft  

c) E f f e c t s  of Assumed Veloci ty on Location Error  f o r  150 F t  
Double Square Array 

Source 
Distance(Feet)  

From Array Assumed Veloci ty i n  Ft/Sec 
Center 10,000 8,000 6,000 
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For: 
Diagonal Path 

)( X-Axis Path 
A Y-Axis Path 

t Input Velocity = 10,000 fps 

X 

FIGURE 3 "MINER" LOCATION ERROR 
300 FOOT DOUBLE SQUARE 

I I I I 

- 10 

1 00 200 300 400 500 X - Offset from Center (feet) 



E- . 
I-' 
I-' 

For: 
Diagonal Path 

X X-Axis Path 
A Y-Axis Path 

Input Velocity = 10,000 fps 

FIGURE 4 "MINER" LOCATION ERROR 
400 FOOT HEXAGON 






